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EVALUATION OF SATELLITE MATERIALS BY USE 
OF GROUND-BASED PHOTOMETRIC OBSERVATIONS - PHASE I1 

BY 
D o  C ,  Romfck, R ,  H, Emmons, and R .  J. Preski 

Goodyea r Ae r ospa ce Corpora t i on 

SUMMARY 

Goodyear Aerospace Corporation (GAC) under Contract NAS 1-8276 with the  
National Aeronautics and Space A d r n i n i ~ t r a t i o n ~ s  Langley Research Center, has 
performed five-color (UBVRI) photometric and polar imet r ic  observations on the  
PAGEOS I, Echo 11, Explorer 19 and Explorer 39 i n f l a t a b l e  s a t e l l i t e s .  The 
observations were made from Palomar Mountain, California (1968) and Yuma, Aiizona 
(1969), i n  a contfnuing program t o  evaluate s a t e l l i t e  mater ia l s  by ground-based 
photometry. 

To obta in  high frequency response data recordings of these  (and f u t u r e )  
observations , a new 14-channel frequency modulated magnetic tape  recorder was 
i n s t a l l e d  and used i n  NASA's  mobile S a t e l l i t e  Photometric Observatory. 

Data reduction and ana lys i s  of the  PAGEOS I and Echo I1 observations were 
performed. The aluminized Mylar surface of t he  PAGEOS I s a t e l l i t e  remains 
mir ror - l ike  ( specular )  with no measurable degradation. Although a comparison 
of these data with labora tory  data indfca tes  t h a t  the  surface of PAGEOS I has 
not changed i n  r e f l ec t ance  i n  t h e  blue,  yellow, and red regions of the  v i s i b l e  
spectrum, the re  a r e  d i f fe rences  i n  both the  u l t r a - v i o l e t  and inf ra - red  bands. 
These U and I band d i f fe rences  e f t h e r  represent r e a l  changes due t o  t h e  ma te r i a l ' s  
exposure t o  t h e  space environment (degraded U-band re f lec tance ,  enhanced I-band 
r e f l ec t ance ) ,  o r ,  more l i k e l y ,  t o  e r r o r s  i n  the  adopted labora tory  values. 
PAQEOS 1 ' s  average rad ius  of curvature remains 50 f e e t ,  a s  designed. 

The Echo I1 data show a s i g n i f i c a n t  degradation i n  the specu la r i ty  and 
re f lec tance  proper t ies  of t h i s  s a t e l l i t e ' s  surface s ince  it was f i r s t  photo- 
met r fca l ly  observed i n  o r b i t  (1967) * 
i nd ica t e  t h a t  a s u b s t a n t i a l  amount of t he  s a t e l l i t e ' s  amorphous phosphate t h e r -  
mal coating (Alodfne) remained i n  f t s  l a s t  months of o r b i t a l  l i f e .  

The 1969 polarimetric da ta ,  however, 

Narrow-band ec l ip se  e n t r y  observations of t h e  Echo I1 and PAGEOS I s a t e l l i t e s  
were performed during t h e  two observing sessions.  From these observations, it 
i s  poss ib le  t o  ca l cu la t e  ozone concentration a t  various loca t ions  over the  e a r t h .  

1 



INTRODUCTION 

Using t h e  NASA mobile S a t e l l i t e  Photometric Observatory (SPO) with 24- 
inch telescope, photometric and polar imet r ic  measurements were obtained i n  
1968 and 1969 of the  PAGEOS I, Echo 11, Explorer 19, and Explorer 39 s a t e l l i t e s  
from' f i e l d  s i t e s  i n  California and Arizona 
bands, were performed under NASA Contract No. NAS 1-8276, and were p a r t  of a 
second phase of an evaluation of s a t e l l i t e  mater ia l s  by ground-based photometry. 

These measurements, i n  five-color 

The approach employed i n  t h i s  work might be b r i e f l y  s t a t e d  a s  follows. 

From observations of t he  i n t e n s i t y  of sunl ight  pass ive ly  r e f l e c t  
spher ica l  a r t i f i c i a l  s a t e l l i t e ,  various inferences can be drawn concerning the  
present condition of i t s  surface.  I n  general ,  t he  following parameters may be 
obtained through t h e  use of a ground-based photometric system: 

(1) s t e l l a r  magnitude (normalized) 

( 2 )  

(3) 

(4) 

specu la r i ty  and d i f f u s i v i t y  of t he  surface of a s a t e l l i t e  

avemage arid l o c a l  Iradii OF curvhrture ( r e f l ec t ance  assumed) 

re f lec tance  ( rad ius  'of curvature assumed) 

.Q 

I n  t h i s  r epor t  t h e  specular component of r e f l e c t e d  l i g h t  i s  ca l l ed  
specular i ty .  It i s  expressed a s  a percentage of the t o t a l  r e f l e c t e d  l i g h t .  

The somewhat i n t r i c a t e  procedures and theory by which these photometric 
data were ca l ib ra t ed ,  reduced, and a n a l y z e d h e  given i n  References 1, 2 and 3. 

This r epor t  descr ibes  t h e  observations and summarizes the  data reduced f o r  
PAGEOS I and Echo 11. Conclusions and recommendations from the  ana lys i s  of 
these data a re  a l s o  presented. 
t o  be reduced within the  scope of t h i s  cont rac t ,  including a l l  data f o r  t he  
Explorer s a t e l l i t e s  , narrow-band observations of shadow e n t r i e s  of PAGEOS I 
and Echo 11, and a s p e c i a l  s e r i e s  of PAGEOS I passes.  

Other photometric data taken were not required 

INSTRUMENTATION 

Gene r a 1  

The five-color,  four-channel cryogenically cooled instrumentation system 
developed and used on the  NASA mobile S a t e l l i t e  Photometric Observatory on a 

2 



previous contract  (Reference 2 )  was employed f o r  t h i s  program of observations 
except f o r  t h e  modifications described below. The U, B, V, R, I s p e c t r a l  regions 
u t i l i z e d  a r e  s imi la r  t o  t h e  system developed by H. L. Johnson, e t  a l ,  (References 
4 and 5). 
A s  w i l l  be noted within t h e  report., t he re  a r e  ac tua l ly  two V-bands; one obtained 
by t h e  f i l t e r ( s ) ,  p lus  S-20 photocathode response system (denoted i n  t h e  report  
as  V20 band), and t h e  other  by t h e  f i l t e r ( s )  plus S-1 photocathode response 
system ( V 1  band). 
2 percent a t  most when simultaneously determined s t e l l a r  and s a t e l l i t e  values 
a re  compared. The a c t u a l  response funct ions f o r  a l l  s i x  bands (U, B, V20, V1,  
R, I) a r e  presented i n  Reference 2. 

The response funct ions f o r  t h i s  system a r e  presented i n  Figure 1. 

These two V-bands d i f f e r  from each other by approximately 1 or 

The complete system performed wel l ,  and demonstrated i t s  capab i l i t y  t o  
obtain high-grade s c i e n t i f i c  measurement data -- even under the  adverse high 
phase angle (br ight ,  polarized sky) conditions specif ied under t h i s  contract  
f o r  t h e  polar iza t ion  measurements. 

Only th ree  modifications (one subs t an t i a l  and two minor) t o  t h e  instrumen- 
t a t i o n  system were required under t h i s  contract .  One was a contract  t a s k  require-  
ment t o  add an FM magnetic tape data  recording capabi l i ty .  The others  were 
(1) an operat ional  requirement of minor nature involving a change of t h e  Wollaston 
prism used f o r  separat ing the  polar iza t ion  components, and ( 2 )  adding two narrow- 
band f i l t e r s .  I n  addi t ion,  two wide-field ?-inch r e f r ac to r  acquis i t ion  te lescopes 
were fabr ica ted ,  i n s t a l l e d  and u t i l i z e d  on t h e  SPO during t h i s  contract  period. 

The required maintenance operations car r ied  out during and between missions 
were approximately t h a t  which experience has shown t o  be t y p i c a l  f o r  equipment 
of t h i s  type and complexity, and a re  a l s o  t r e a t e d  and discussed below. 

Modifications 

FM Magnetic Tape Recording Capabili ty.  - The main modification t o  t h e  
instrumentation system car r ied  out under t h i s  contract  was t h e  addi t ion of an 
FM analog magnetic tape data  recording capabi l i ty ,  and consisted of two s teps  
car r ied  out sequent ia l ly .  The f i r s t  s t e p  consisted of t he  temporary i n s t a l l a -  
t i o n  of t h e  portable  CEC Model VR-3300 recorder,  and permanent i n s t a l l a t i o n  of 
most of t h e  other required elements of t he  recording system i n s t a l l a t i o n ,  and 
was performed p r i o r  t o  t h e  f i r s t  mission ca r r i ed  out under t h i s  contract .  The 
second s t ep ,  car r ied  out p r io r  t o  t h e  second mission, was t h e  removal of t h i s  
recorder and the  i n s t a l l a t i o n  of t h e  present f u l l  recording capabi l i ty  i n  the  
form of a CEC Model VR-3400 recording u n i t ,  and in tegra t ing  it with t h e  balance 
of t h e  system ( see  Figures 2 and 3). 

r "  
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Figure 1. Normalized Response Functions f o r  the  UBVRI Spectral  Regions 
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Figure  3.  Curbside Wall Showing Instrumentat ion,  

Operating and Storage Racks. 6 



The i n i t i a l  i n s t a l l a t i o n ,  which was u t i l i z e d  during the  1968 Palomar 
mission, included t h e  following i n s t a l l e d  equipment: 

(1) the  in t e r im  VR-3300 recorder u n i t  

(2)  t h e  time code generator 

( 3 )  the  data monitoring u n i t  junc t ion  box 

(4) interconnecting s igna l  cabling, raceway, and assoc ia ted  
wiring and connections 

The f i n a l  i n s t a l l a t i o n ,  which was used during the 1969 Yuma mission, con-’ 
s i s t e d  of the  same elements except f o r  t he  replacement of the  in te r im VR-3300 
recorder with the  f u l l  VR-3400 u n i t  recorder,  and a modification of t he  time 
code generator and monitor u n i t .  The work c a r r i e d  out,  and the  r e s u l t i n g  
i n s t a l l a t i o n  i s  described below. 

System and I n s t a l l a t i o n  Design and Engineering: Two a l t e r n a t e  i n s t a l l a -  
t i o n  arrangements were designed and submitked f o r  s e l ec t ion .  
i n s t a l l a t i o n  of recording u n i t s ,  s p l i t  i n t o  two s ide  by s ide  sec t ions ,  i n  the  
cabinet racks above the  r i g h t  hand (curbs ide)  t a b l e ,  with the  displaced e l ec t ron ic  
equipment, time code generator,  e t @ .  mostly going t o  the lower forward cabinet 
racks under left-hand (roadside) work tab le .  The other design placed the  e n t i r e  
recorder u n i t  i n t a c t  on t h e  f l o o r  i n  the  forward le f t -hand  ( roads ide)  corner of 
t he  instrument room. To do t h i s ,  t he  l e f t  work t a b l e  (which had stopped forward 
of t he  hydraulic system) was moved a f t  one whole sec t ion  over t h e  hydraulic u n i t ,  
and the other e l ec t ron ic s  was mounted a t  t he  operator s t a t i o n  i n  the  racks above 
the  right-hand (curbs ide)  t a b l e .  Extra cabine ts  t o  compensate f o r  the  displaced 
storage space were i n s t a l l e d  on t h e  upper l e f t  wal l  matching those on the  r i g h t .  

One provided f o r  

After studying t h e  i l l u s t r a t i o n s  of both proposed i n s t a l l a t i o n s ,  considering 
operating f a c i l i t y ,  cooling e f f ec t iveness ,  i n s t a l l a t i o n  serv ic ing  access,  e t c . ,  
the  second design (involving the  f l o o r  mounting of t he  recorder rack i n  t h e  
forward l e f t  corner of t he  compartment) was se lec ted ;  r e f e r  t o  Figures 2 and 3. 

The c r i t e r i a  f o r  t h e  recording system was spec i f i ed  i n  the  cont rac t  work 
statement. Using these  guide l ines ,  the  s p e c i f i c  record and reproduce e l e c t r m i c s  
was spec i f i ed  f o r  s e t t i n g  up t h e  recorders.  The recorders were then s e t  up and 
checked out by LRC and furnished a s  GFE along with the  time code generator and 
monitor switching u n i t .  Mounting bracke ts  and interconnecting cabling i n s t a l l a -  
t i o n  was a l s o  designed. 

I n s t a l l a t i o n :  Following the  design and spec i f i ca t ion  of a l l  equipment, 
cabling, connectors, e t c .  wped i t ed  procurement of a l l  purchased p a r t s  (coax 
connectors, s e t t i n g  d i a l s ,  raceway channels, e t @ . )  proceeded on the  b a s i s  of 
advanced mater ia l  r e l eases  made s h o r t l y  a f t e r  s t a r t i n g  of design work. The 



GFE items were received and checked, and brackets and monitor con t ro l  box were 
fabr ica ted .  
i n  t h e  le f t - forward  corner,  thus providing compat ib i l i ty  of t h e  s i g n a l  input 
cabling i n s t a l l a t i o n  with t h a t  t o  be l a t e r  used f o r  t he  VR-3400 i n s t a l l a t i o n .  
The remaining e l ec t ron ic  equipment was i n s t a l l e d ,  the  displaced equipment r e -  
i n s t a l l e d ,  and t h e  interconnecting cabling raceways and cables were i n s t a l l e d  
and connected. S igna l  connections t o  t h e  instrumentation output and osc i l lograph  - 
recorder input ,  power connections, e t c .  were completed and checkout performed of 
the e n t i r e  i n s t a l l a t i o n .  The new cabine ts  were a l s o  i n s t a l l e d ,  and the  observa- 
t o r y  immediately dispatched t o  Palomar Mountain, f o r  s t a r t  of t h e  f i rs t  mission. 

The in t e r im  VR-3300 recording u n i t  was mounted on top  of t h e  t a b l e  

The conversion t o  t h e  f i n a l  i n s t a l l a t i o n ,  incorporating the  VR-3400 recorder 
un i t ,  was c a r r i e d  out a t  t h e  GAC Phoenix (Arizona) p l an t  where t h e  observatory 
was taken a t  t he  completion of t h e  Palomar observing mission. This consisted 
mainly of removing t h e  VR-3300 u n i t ,  moving and r e - j n s t a l l i n g  the  l e f t  work 
t a b l e  and cabine ts  bne se&bEont rearward;, fabpi.cat&n$ the.-netrr brackets,, and 
i n s t a l l i n g  the  new recorder.  When assoc ia ted  modifications (time code genera- 
t o r ,  d i g i t a l  code i n s e r t i o n  d i a l s ,  monitor u n i t )  were completed and the  system 
reconnected with the  new recorder, the.  f i n a l  complete i n s t a l l a t i o n  was checked 
out. After some minor debugging, t h e  observatory was then dispatched t o  Yuma 
f o r  t h e  s t a r t  of t h e  second (win ter )  observing mission on 17 January 1969. 

The complete i n s t a l l e d  recording system was demonstrated during checkout 
and subsequent f i e l d  operations t o  be capable of t h e  spec i f i ed  wide band (high 
response frequency) data recording, along with required switchable monitoring 
and playback rllodes. u t i l i z i n g  t h e  spee i f l ed  s igna l ' i n fo rma t~on , ,on  the ' foua teen  
ava i l ab le  recording channels a s  shown i n  TAblelI. ) 

This equipment, a f t e r  some i n i t i a l  sh ie ld ing  and grounding connections 
t o  e l imina te  a l l  s i g n a l  l e a d  noise pickups, performed s a t i s f a c t o r i l y  throughout 
the  mission i n  a l l  func t iona l  modes. 

Wollaston Prism Replacement. - During the  period s ince  t h e  NASA S a t e l l i t e  
Photometric Observatory was developed (1966-1969), it has been operated a t  various 
s i t e s  (Akron, Ohio, Y u k ,  Arizona ,-Palomar Mountain, Cal i forn ia) -dur ing  a l l  
seasons and under a l l  types of temperature conditions.  While these  widely varying 
temperatures have not a f f ec t ed  t h e  operation of t h e  observatory a s  a whole, some 
of the  o p t i c a l  components of t h e  system have been af fec ted ;  s p e c i f i c a l l y ,  t h e  
Wollaston prism and the  depolar izers  (both of which employ c a l c i t e ) .  
of t he  ranges encountered during t;H 
defec ts  developed i n  the  Wollaston prism which i s  used f o r  determining percent 
l i n e a r  po la r i za t ion .  I n  f a c t ,  two successive Wollaston prhm, made of c a l c i t e  
c r y s t a l s  cemented wi th  b u t y l  methacrylate have cracked, probably due t o  t h i s  
kind of thermal e f f e c t .  

A s  a r e s u l t  
time (from below 0" t o  around 100" F) pel-iods, 

The c o e f f i c i e n t s  of thermal expansion of t he  c a l c i t e  and t h e  adhesive a r e  
incompatible f o r  temperature excursions ranging below 32" F. A t  these  temperatures, 
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TABLE I, .I -..FM MAGlVETIC TAPE RECORDER CHAlYNEL 
ASSIGNMENTS 

FM Magnetic Tape Recorder 
Channel 

1 
2 

3 
4 
5 
6 
7 
8 

9 
10 
11 
12 

13 
14 

A s  s ignment 

WWV Time 

VRI  Pre-Amplifier Gain 

V R I  D i f f e r e n t i a l  Amplifier Gain 

UEV Pre -Amplif i e r  Gain 

UBV D i f f e r e n t i a l  Amplifier Gain 

V R I  F i l t e r  

UBV F i l t e r  

Head or Half-Wave P la t e  Angle 

Signal B 

Signal A 

In t eg ra to r  B Gain 

In t eg ra to r  A Gain 

NASA 36 B i t  Code (Modified) 

Spare 

s t r e s s e s  a r e  l i k e l y  t o  be generated which exceed t h e  cleavage plane s t rength  
of t he  c a l c i t e  c r y s t a l .  It i s  r a t h e r  i n t e r e s t i n g  t o  note t h a t  Yerkes Observa- 
t o r y  i n  Wisconsin has had s imi la r  problems with t h i s  type of Wollaston prism. 

M r .  S.  F. P e l l i c o r i  of t h e  University of Arizona suggested using Dow 

It i s  
Corning 200-Fluid* (dimethylpolysiloxane compound) 
used i n  t h e  high-viscosity form t o  reduce flow r a t e  (Reference 6) .  
moisture r epe l l an t ,  chemically i n e r t ,  f a i r l y  s t a b l e  under u l t r a - v i o l e t  rad ia-  
t i o n ,  and has exce l l en t  o p t i c a l  p rope r t i e s ,  

which i s  a contacting agent 

A l s o  suggested f o r  t h i s  use (bz the  manufacturer of t h e  Wollaston &srfs,m) 
was Dow Corning Sylgard Compound 51 which i s  known t o  be unaffected over a 
temperature range of -65 t o  +loo" C.  This coupling agent has low chemical 
r e a c t i v i t y  and i s  s t a b l e  t o  u l t r a - v i o l e t  r ad ia t ion .  It does not s e t  t o  a hard 
bond, bu t  r e t a i n s  t h e  r e s i l i e n c e  of a t h i c k  ge l .  
good o p t i c a l  p roper t ies  e 

(Reference 6 )  It a l s o  has 

* Trademark 9 



Since t h e  manufacturer was uncer ta in  which he would be ab le  t o  f a b r i c a t e  
successfu l ly ,  two Wollaston prisms were ordered; one with each type of adhesive. 
Both prisms were apparently manufactured n . a ~ ~ a f ~ a t ~ ~ o ; ~ ~ y ~ l , ~ h ~  @??ismi With' &he Dow 
Corning S&3Q3%#5L Bdhe-sbve wasl IiinsZ'PiZledo oi3t&h_eIiphs%@meter4 llBnl: a.Sedii dtm$rIg I&he 
Yuma 1969 mission. The other prism has been re ta ined  a s  a spare. 

Narrow-Band F i l t e r s .  - Simultaneous photometric observations ( i n  two or  
more s p e c t r a l  regions) of a r t i f i c i a l  s a t e l l i t e s  en ter ing  or leav ing  t h e  e a r t h ' s  
shadow can be used t o  determine the  v e r t i c a l  d i s t r i b u t i o n  of various atmospheric 
cons t i tuents .  
absorption,band ( -6020 A )  and the  other i n  a region of low absorption 
( cr? 7030 A ) ,  one may determine t h e  amount of ozone a t  c e r t a i n  heights and t h e  
t o t a l  amount of ozone f o r  a given pos i t i on  on the  e a r t h  (Reference 7) .  
t he  NASA mobile S a t e l l i t e  Photometric Observatory has a four-channel photometric 
system, it is possible t o  obta in  simultaneous s igna l s  from two s p e c t r a l  regions.  

By choosing,one of t h e  wavelengths a t  t h e  peak of t he  Chappius 

Since 

Narrow-band f i l t e r s  with peak wavelengths centered a t  6022 and 7029 Angstroms 
were purchased and i n s t a l l e d  i n  unused pos i t ions  on t h e  f i l t e r  holders preceding 
the  EMI-9558QA (S-20) and EMI-9684A (S-1)  photomultipliers,  respec t ive ly ,  and 
observations performed on the  Echo I1 and PAGEOS I s a t e l l i t e s  a s  they entered 
ec l ip se  during the Palomar 1968 and Yuma 1969 missions. 
observations a r e  presented i n  Section 'PFieEd Missions". 
of t he  f i l t e r s  a r e  presented i n  Table 11. 

The da tes  of these  
The c h a r a c t e r i s t i c s  

TABLE 11. - CHARACTERISTICS OF FILTERS USED I N  ECLIPSE 
PHOTOMETRY OB SE RVATI ONX 

Peak Wavelength 6022; (S-20) 

Percent Tra nsmft tance 
a t  Peak Wavelength 43.5% 50.5% 

Bandwidth a t  Half 

Zero Transmittance 
Wavelengths 

14; 
0 

5 919A o 
and 6119~ 

18i 
0 

6927.5A 
and 7127.5 A 

Mattntehance: - I n  add i t ion  t o  t h e  above modifications, a number of main- 
tenance items required a t t e n t i o n  during operations under t h i s  con t r ac t ,  
although these  were not i n  excess of t h a t  normalPy encountered f o r  equipment 
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of t h i s  type and complexity l e v e l .  Most of t h i s  maintenance was ca r r i ed  
out during t h e  f i e l d  observation missions and in t eg ra t ed  with those operations.  
Tiiere was no ser ious  maintenance operations in te r fe rence  with mission measure- 
ments ( the  a c t u a l  amount encountered can be in fe r r ed  from the observation 
record a s  presented i n  Section "Field Missions") 

The two most s i g n i f i c a n t  maintenance problems encountered were i n  
(1) the  recording oscil lograph (during the f i r s t  mission a t  Palomar), and 
(2 )  the  po la r i za t ion  op t i c s  (during t h e  second mission a t  Yuma). 

The s i g n i f i c a n t  problem with the  oscil lograph recorder during the  f i r s t  
mission involved t h e  paper d r ive  transmission and t r a i n .  
of the  d i f f i c u l t i e s  encountered, t h e  recorder manufacturer was ca l l ed  upon t o  
co r rec t  t h e  problem. 

Because of t h e  ex ten t  

The po la r i za t ion  op t i c s  problem on the  second mission occurred a s  a sequence 
of s eve ra l  d i f f i c u l t i e s  a t  near ly  t h e  same time. These however were handled by 
the  f i e l d  crew, and without se r ious  opera t iona l  delay, although co r rec t ion  twice 
required removal and par t ia l .  disassembly of the  instrumentation head. The f i r s t  
problem i n  these  s e r i e s ,  encountered shor t ly  a f t e r  i n s t a l l a t i o n  of t he  new 
Wollaston prism, involved the r o t a t i n g  half-wave p l a t e .  It was found t h a t  the  p l a t e  
was not r o t a t i n g  properly,  due t o  sl ippage of t he  half-wave p l a t e  element i n  
i t s  housing. Af te r  t h i s  was cor rec ted ,  improper r o t a t i o n  soon reoccurred, 
caused by a shear p i n  f a i l u r e  ( r equ i r ing  replacement). 

The most s i g n i f i c a n t  other operation, performed p r i o r  t o  the  s t a r t  of t h e  
f i r s t  mission, was replacement of t h e  C q u a l i t y  photomultipliers with the  A 
q u a l i t y  tubes. These changes i n  the  e l ec t ro -op t i ca l  system i n  t u r n  were 
s u f f i c i e n t  t o  requi re  replacement of r e s i s t o r s  i n  the  high voltage balance 
c i r c u i t s  t o  compensate f o r  t he  new c h a r a c t e r i s t i c s ,  which i s  a s i g n i f i c a n t  
operation ( see  Reference 8, .paragraph 6.6.5.5.2, P.  6-29), 

Instrumentation Summary. - The modifications made and t h e i r  use on t h e  
missions c a r r i e d  out under t h i s  cont rac t  have added t o  the  c a p a b i l i t y  of the 
observatory system t o  give it g r e a t  f l e x i b i l i t y  and f a s t  data gathering 
capab i l i t y .  The new narrow-band f i l t e r s ,  and t h e i r  use f o r  s a t e l l i t e  ec l ip se  
photometry i s  a p a r t  of t h i s  extended f l e x i b i l i t y  and opera t iona l  capab i l i t y .  
This, maintained a s  described above, represented a performance c a p a b i l i t y  
perhaps b e s t  demonstrated by the  q u a l i t y  of results obtained and reported 
herein.  This was done with a p a i r  of r e l a t i v e l y  sho r t  missions, a r e l a t i v e l y  
s m a l l  (3-man) f i e l d  crew, and with less than i d e a l  weather ( p a r t i c u l a r l y  on 
the  second mission), which amply demonstrates t h e  e f fec t iveness  of t h e  present 
instrumentation system a s  wel l  a s  t h a t  of t h e  ove ra l l  observatory system and 
the  operating techniques employed. The ?-inch acqu i s i t i on  telescopes proved 
t o  be q u i t e  convenient i n  t h e  t r ack ing  of s a t e l l i t e s .  
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FIELD MISSIONS 

F ie ld  Preparation 

The cont rac t  statement of work spec i f i ed  t h a t  t h e  f i rs t  observation 
s i t e  (summer of 1968) would be i n  t h e  a rea  of Palomar Mountain, Cal i forn ia ,  
and t h a t  t h e  second s i t e  (winter of 1969) would be i n  the  v i c i n i t y  of 
Yuma, Arizona. 
t o  arrange f o r  reuse of the same Palomar Mountain s i t e  used f o r  the  i n i t i a l  
PAGEOS I photometric surve i l lance  i n  1966, under Contract No. NAS 1-6189 
(Reference 1);. This s i t e ,  a t  Skyline Lodge, was r eg i s t e red  with t h e  Smith- 
sonian Astrophysical Observatory (SAO) a t  Cambridge, Massachusetts, a s  s t a t i o n  
number 8683 i n  t h e i r  g loba l  s a t e l l i t e  t racking  network( ( thus  f a c i l i t a t i n g  
t racking  information flow).  
Yuma, Arizona was s e l ec t ed  and arranged f o r  by NASA's Pro jec t  Monitor, 
M r .  M. L. Brumfield, who t r ave led  t o  Yuma i n  December 1968 f o r  t h i s  purpose. 
The s i t e  chosen was one of fe red  by the  Yuma Marine Corps A i r  S t a t ion  (MCAS), 
and was loca ted  a t  the  extreme southeaht corner of t h e i r  base. Subsequently, 
GAC arranged f o r  i t s  SA0 r e g i s t r y  a s  s a t e l l i t e  t racking  s t a t i o n  number 0159. 
The coordinates of t he  two above s i t e s  a r e  a s  follows: 

For t h e  f i r s t  mission it was found both  poss ib le  and des i rab le  

The s p e c i f i c  s i t e  f o r  t he  winter mission a t  

S i t e  W. Longitude 2880 
NO. 

Palomar Mountain 8683 1160 5op 55ry 
Cal i forn ia  

Al t i tude  N. Lati tude k;t;r;9 MSL 

33" 18' 37" 172 0 

Yuma, Arizona 0159 114" 34' 49" 320 381 28" 60 

Before f i e l d  observations could be performed, a l l  f i e l d  s i t e  arrangements 
were f i n a l i z e d ,  the mobile observatory was packed and made road-ready, and 
t r a v e l  arrangements f o r  bo th  the  observatory and crew were completed. 

A t  t h e  Palomar Mountain s i t e  preparations included spreading a dust 
i n h i b i t o r ,  providing f o r  $l.@ctri'cal -''khbre? power , and i n s t a l l i n g  an o f f i c e  
telephone. A t  the Yuma s i t e  prepara t ions  included borrowing the  use of one 
of t h e  MCAS' 20 KW t ranspor tab le  d i e s e l  motor generators,  and t h e  r e n t a l  of 
an o f f i c e  t r a i l e r  and chemical t o i l e t .  Common t o  both s i t e s  was t h e  problem 
of providing a c e r t a i n  and continuous supply of l i q u i d  nitrogen. 
r e n t a l  of two 150-gallon in su la t ed  t a n k s  a t  each s i t e ,  required d e l i v e r i e s  were 
thereby kept t o  approximately one week i n t e r v a l s .  
were made from a suppl ie r  i n  San Diego. A t  Yuma,  d e l i v e r i e s  were made from 
Phoenix. 
aborted due t o  a l a c k  of l i q u i d  nitrogen. 

Through t h e  

A t  Palomar Mountain d e l i v e r i e s  

It i s  noteworthy t h a t  no observation on e i t h e r  mission had t o  be 

*Several o ther  s i t e s  were surveyed and evaluated (Table M t ,  and Laguna M t .  i n  
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S a t e l l i t e  Predict ions and  Orb i t a l  Geometry 

The observing missions were scheduled i n  advance i n  accordance with 
s a t e l l i t e  " u i s f b i l i t y  windowssP fo recas t  from a pro jec t ion  of t he  l o c a l  o r b i t  
sweep times. It was these window determinations which permitted se l ec t ion  
of su i t ab le  mission periods.  They a l s o  es tab l i shed  the required mission 
s ta r t -up  times of 9 September 1968 and 15  January 1969 f o r  the summer and 
winter missions, respect ively.  J u s t  p r io r  t o ,  and during the mission, d i s -  
c r e t e  l o c a l  pass pred ic t ions  were generated by GAC's  El215 computer program 
(Reference 3) i n  terms of culmination times, conventional a l t i t u d e  - azimuth 
and r i g h t  .ascension-declination coordinates and a l s o  four-axis coordinates 
from the  l a t e s t  o r b i t a l  elements received from the Smithsonian Astrophysical 
Observatory. Visual pos i t i ona l  f i x e s  on the s a t e l l i t e s  were used t o  cor rec t  
t he  ephemeris u n t i l  new o r b i t a l  elements were received. 

To e s t a b l i s h  the  t ime-correlated a l t i t u d e ,  s l a n t  range, and phase angle 
geometric circumstances of the  s a t e l l i t e  f o r  the purposes of photometric data 
reduction and ana lys i s ,  the observed time cor rec t ion  was used t o  compute the  
s a t e l l i t e ' s  e f f ec t ive  mean anomaly a t  t he  epoch of the  o r b i t a l  elements. 

F i e ld  Operations 

F ie ld  s i t e  operat ional  s t a t u s  f o r  the  f i r s t  (Palomar) mission s i t e  was 
reached on 11 September 1968; and f o r  the second (Yuma - winter)  mission on 
18 January 1969. Operations were complete f o r  these missions on 28 October 
1968 and 13 March 1969, respec t ive ly  (see Sect ion "Observations" f o r  schedules).  

The tasks  rou t ine ly  performed durfng!operakions by GAC's three-member 
f i e l d  crew were: 

Detailed d a i l y  observation planning, including p l o t t i n g  and 
se l ec t ing  c a l i b r a t i o n  s t a r s ,  from s a t e l l i t e  4-axis and con- 
vent ional  pass pred ic t ions ,  i n  accordance with home-office 
schedules and p r i o r i t i e s  

Instrument a t  ion ma i n t e  na nce (between observations ), cryogenic 
cool-down, general  readiness and 4-axis ltelescope s e t t i n g s  
(p r io r  t o  observat ions) ,  and secure (following observations).  

Observations of s a t e l l i t e  and associated pre- and post-pass 
s t a r  ca l ib ra t ions  

Visual t ime-posit ion observation during each s a t e l l i t e  pass 
f o r  determination of t he  ktme r e s idua l  and correfiponding 
corkectbsn of the  ephemeris, 



( 5 )  Arrangements f o r  d e l i v e r i e s  of l i q u i d  nitrogen, motor 
generator f u e l ,  and t h e  purchase of other operating 
supplies a s  required.  

(6)  Daily packaging, l a b e l i n g  and a i rmai l ing  of da ta .  

( 7 )  Maintaining operations and instrumentation logs ;  administra- 
t i o n  and coordination (home o f f i c e ,  f i e l d  personnel, weather 
bureau, e t c . )  

On the  Palomar mission much s p e c i a l  e f f o r t  was required i n  connection 
with the  osc i l lograph  recorder ' s  paper t r anspor t  mechanism. An even g rea t e r  
crew e f f o r t  was required during t h e  Yuma mission i n  replacing the  Wollaston 
prism and otherwise serv ic ing  the  polar imet r ic  instrumentation ( see  sec t ion  
?M&in$enance" above) e 

Each mission, of course, a l s o  involved commercial d r ive r  coordination, 
i n i t i a l  deployment and f i n a l  packing and breaking camp including d ispa tch  
of the  Observatory back t o  GAC ( t o  GAC Phoenix a f t e r  t h e  f i r s t  mission, and t o  
GAC Akron a f t e r  the second). 

Crew d i r ec to r  and astronomer f o r  t h e  1968 Falomar and 1969 Yuma missions 
was R .  H. Emmons. C .  L. Rogers was responsible f o r  instrumentation a t  Palomar. 
E. Kalasky, who a s s i s t e d  Mr. .Rogers a t  Palomar assumed ful l  instrumentation 
r e spons ib i l i t y  a t  Yuma. F. Doll served a s  Mr. Kalasky's a s s i s t a n t  a t  Yuma. 

The nominal three-men f i e l d  crew was augmented f o r  one week during each 
mission: L. Sannes provided general  a s s i s t ance  e a r l y  i n  the  Palomar mission. 
C .  L. Rogers provided engineering back-up and ass i s tance  during t h e  f f r s t  
week of t h e  Yuma mission. 

S a t e l l i t e s  Observed 

During the  l a t e  summer/early f a l l ,  1968, and winter,  1969, observation 
periods,  photometric and polar imet r ic  observations were performed on the 
following a r t i f i c i a l  s a t e l l i t e s .  

(1) Echo I1 

(2)  PAGEOS I 

(3) Explorer 19 (photometric only) 

(4)  Explorer 39 (photometric only) 
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These observations were of various types including multicolor measure- 
ments, continuous color type measurements, po lar imet r ic  measurements, and 
narrow-band ec l ip se  (shadow en t ry )  measurements. 

The formal d e f i n i t i o n  of multicolor and continuous type photometric 
measurement passes a re  a s  follows: multicolor passes a r e  those ih 'which 
the  UBV and VRI f i l t e r  wheels a re  continuously sequenced with an in t eg ra -  
t i o n  time of 2 to 3 seconds i n  each color before switching t o  t h e  next 
co lor .  Continuous type passes a re  those which a re  taken i n  one each of the  
s p e c t r a l  bands f o r  the  UBV and V R I  regions f o r  the e n t i r e  p a s s ,  or t he  
various co lors  a r e  sequenced with an in t eg ra t ion  time of 30 seconds t o  
4 minutes (dependbg on the  dura t ion  o f  the  s a t e l l i t e ' s  v i s i b i l i t y ) .  Explorer 
s a t e l l i t e s  a r e  examples of the  sho r t e r  i n t eg ra t ion  period (30 seconds or 1 
minute), while PAGEOS I continuous passes a r e  taken f o r  a period of 4 minutes 
before switching t o  a new p a i r  of co lo r s .  

Polar iza t ion  passes a re  taken i n  two modes: (1) by r o t a t i n g  a half-wave 
p l a t e  through 10 - 36" s teps  f o r  U ,  B, V observations, and ( 2 )  by removing 
the  half-wave p l a t e  and r o t a t i n g  the  Wollaston prism through 7 - 36" steps,  
it i s  poss ib le  t o  obta in  data i n  t h e  U, B, V, R,  I s p e c t r a l  regions. The 
former method u t i l i z e s  a 2-second i n t e g r a t i o n  time per half-wave p l a t e  
pos i t ion ,  while t he  l a t t e r  a l s o  u t i l i z e s  a 2-second in t eg ra t ion  period. 
(These methods a r e  d i c t a t e d  by the  s p e c t r a l  bandwidth c h a r a c t e r i s t i c s  of 
the  achromatic ha l f  -wave p l a t e  i n s t a l l e d .  ) 

Eclipse type passes (shadow e n t r y )  a re  taken on s a t e l l i t e s  f o r  a period 
of s eve ra l  minutes before the pred ic ted  neckipse entry;,  and subsequently 
through t h e  period when the  s i g n a l  disappears i n  the  sky background. The 
amount of time between ec l ip se  en t ry  and disappearance i s  approximately 20 
seconds typically,  

Photometric observations of PAGEOS I passes were obtained a s  follows: 

Palomar Mountain, Cal i forn ia  Summer/Fall 1968 

14 Multicolor observations 

5 Continuous color observations 
September 12, 19, 23, 24 (2 )  

3 Narrow-band observations (shadow e n t r y )  
October 23, 24, 25 



Yuma, Arizona Winter 1969 

14 Multicolor observations 
January 22, 27, 28, 29 (2), 30, 31, February 2, 5 (2), 
6, 7 (2L 8 

4 Continuous color observations 
January 22, 31, February 2, 6 

8 Continuous color observations, add i t iona l  passes taken i n  
place of Explorer 24 
March 1, 2, 3, 4, 5, 6, 7 9  8 

1 Narrow-band observation (shadow en t ry )  
February 1-9 

6 Polar ime t r i c  ob s e r va t i ons 
February 1, 2, 3, 4, 6, 8 

Photometric observations of Echo I1 passes were obtained a s  follows: 

15 1 Mu2tltcolor observations 
September 12, 13, 14 (2), 15 ( z ) ,  16 ( z ) ?  19 (2), 21 ( 2 ) y  
22 (21, 23 

3 Continuous color observations 
September 12, 24 (2)  

Yuma, Arizona Winter 1969 

2 Continuous color observations 
March 6, 11 

3 Narrow-band observations (shadow e n t r y )  
February 11 (2), 14 

6 Polar ime t r i c ob se r  va t ions 
February 21, 239 26, 27, March 1, 2 

16 



Photometric observations of Explorer 19 passes were obtained a s  follows: 

Palomar Mountain, Cal i forn ia  F a l l  1968 

12 Multicolor observations 
October 16 (2), 17, 18, 22 (21, 23, 24, 25, 26, 27, 28 

3 Continuous color observations 
October 18, 23, 26 

Y h a ,  Arizona Winter 1969 

2 Continuous color observations 
January 29, 30 

Photometric observations of Explorer 39 passes were obtained a s  follows: 

Palomar Mountain, Cal i forn ia  F a l l  1968 

17 Multicolor observations 
September 29, 30, October 1, 7, 8 (2), 12, 16, 17 (2), 18 (2), 
19 (21, 21, 22, 23 

4 Continuous color observations 
September 28, October 12, 21, 22 

Yuma, Arizona Winter 1969 

DATA REDUCTION AND ANALYSIS PROCEDURE 

General 

The following s t eps  were employed t o  prepare the  photometric and 
polar imet r ic  data f o r  ana lys i s :  

(a) Analog-to-digital conversion of t h e  photometric and 
polar imet r ic  data 

(2) Placing the  d i g i t i z e d  data on forms, keypunching, and 
l i s t i n g  t h e  data 



( 3 )  

(4) 

Application of t h e  s t e l l a r  c a l i b r a t i o n  programs 

Application of the s a t e l l i t e  data reduction programs t o  
determine o r b i t  geometry, and o p t i c a l  and physical p rope r t i e s  

P l o t t i n g  of data po in t s ;  s a t e l l i t e  magnitudes vs phase angles (5 )  

( 6 )  Data ana lys i s  and establishment of data accuracy l e v e l s  

The method of data reduction f o r  both photometric and polar imet r ic  modes 
using the  U, B, V, R,  I system a re  a s  follows: 

Photometric 

After r e c e i p t  of t he  osc i l lograph  cha r t s  from t h e  f i e l d  crew, the analog- 
t o - d i g i t a l  conversion f o r  t he  s t a r s  and s a t e l l i t e  of i n t e r e s t  was performed. 
Because t h i s  t a s k  was performed manually, each photometric po in t  required the  
following information: f i l t e r  co lor ,  time, i n t e n s i t y  height i n  inches and two 
or three  ga in  f ac to r s .  I n  addi t ion ,  each s t a r  was i d e n t i f i e d  by i t s  Yale 
Catalog Bright S t a r  (B.S.) number and p a i r  number i f  t he  second-order ex t inc t ion  
coe f f i c i en t  program was used, 

After t h e  analog-to-digital  conversion was completed, t he  data poin ts  were 
placed on s p e c i a l  forms f o r  key-punching. The key-punched cards were then  sub- 
mitted t o  t h e  computer programmer $or l i s t i n g  and checking. The s t e l l a r  t r a n s -  
formation and/or c a l i b r a t i o n  programs were f i r s t  run; p l o t s  were then drawn by 
an automatic X-Y p l o t t e r .  Pr in touts  and p l o t s  were examined fo r  poss ib le  e r r o r s  
or unsa t i s fac tory  values. I n  the l a t t e r  case, the  data was analyzed t o  de t e r -  
mine t h e  cause of t h e  discrepancy and reruns performed t o  obta in  s a t i s f a c t o r y  
value s ., 

After t h e  c a l i b r a t i o n  and e x t i n c t i o n  c o e f f i c i e n t s  had been es tab l i shed  f o r  
t he  s a t e l l i t e  pass,  computer program E-1216, " S a t e l l i t e  Photometer Program: 
S t e l l a r  Magnitudes," was used., 
atmospheric and normalized magnitudes, s l a n t  range, and phase angles,  e t c . ,  
f o r  each data poin t .  
po in ts  (L? 10 deg) and c l e a r l y  spurious magnitude values. 
were discarded. Computer program E-1214, "Specularfty, Radius of Curvature and 
Reflectance Determinations," was then  used f o r  each co lor .  
obtaining these  parameters f o r  each pass,  combined runs were performed f o r  t he  
s a t e l l i t e  i n  each color.  P lo t s  of t h e  data poin ts  m r e  then prepared. 

This program pTin%s out t he  s a t e l l i t e  ex t r a -  

The%e r e s u l t s  were then  examined for. very low a l t i t u d e  
These data poin ts  

I n  addi t ion  t o  

A complete desc r ip t ion  of t h e  theory and @ok:gq?-k.r :r -og;iams a r e  presented 
i n  References 1, 2 and 3. 



Data poin ts  wereremoved from these  t o t a l s  f o r  various reasons during 
the  data reduction before d e f i n i t i v e  values of t h e  o p t i c a l  and physical 
p roper t ies  wereobtained. Examples of t h i s  procedure occurred a s  a r e s u l t  of 

&QW s a t e l l i t e  a l t i t u d e ,  s a t e l l i t e  s c i n t i l l a t i o n ,  poor ex t inc t ion  determina- 
t i o n ,  e t c .  
because of poor e x t i n c t i o n  coe f f i c i en t s .  Severa l  po in ts  were removed ,frOm-the 
PAGEOS I data f o r  t h e  Yuma 1969 observation period because of excess s c a t t e r -  
ing, probably from one or more anomalous regions on the s a t e l l i t e .  

The Echo I1 pass of 19 February 1969 was completely removed 

Pola r i m e t  r i c 

The data recorded on the  osc i l lograph  c h a r t s w e E  converted from analog- 
t o - d i g i t a l  form by manually measuring t h e  f i l t e r ,  gains,  and analyzer (Wollaston 
prism or half-wave p l a t e )  pos i t ions ,  t he  two i n t e n s i t i e s  (I1 and 12)  and t h e  
time f o r  each s t a r  or s a t e l l i t e  data poin t .  I n  addition, the  Henry Draper 
(H.D.) ca t a log  numbervas recorded f o r  each s t a r .  
conversion w'as completed, the  d a t a  werg 'placed Ion forms. 
and submitted t o  t h e  computer programmer f o r  l i s t i n g  and checking. 

After t he  ana log- to-d ig i ta l  
The da ta  were key-punched, 

Due t o  changes i n  the  polar imet r ic  system (photomultipliers , Wollaston 
prism) and t o  the b r i g h t  sky l e v e l s  present during high phase angle passes 
(which usua l ly  occur near t w i l i g h t )  , t h e  po la r i za t ion  data reduction technique 
was s l i g h t l y  modified f r o m t h a t  described i n  References 2 and 3. The sky 
readings were subt rac ted  f r o m t h e  s a t e l l i t e  plus sky, or t he  s t a r  p lus  sky 
l e v e l  on a one-for-one b a s i s  f o r  each pos i t i on  of t he  half-wave p h t e  or 
Wollaston prism. 

The complete theory  and s e r i e s  of computer programs u t i l i z e d  t o  obtain 
percent po la r i za t ion  data a re  given i n  References 2 and 3. 

RESULTS 

Analog-to-Digital Conversion 

A a lo  - to -d ig i t  1 data conversion was performed on t h e  photometric 
s a t e l l i t e  passes shown i n  Tables I11 t o  V I ,  and the  polarimetric passes 
shown i n  Table V I I .  The number of photometric d a t a  s e t s  and poin ts  per 
s a t e l l i t e  pass and t o t a l  number a re  a l s o  shown i n  Tables I11 t o  V I .  Note 
t h a t  only the  E O  and Vlband data poin ts  were reduced for  t h e  continuous 
type passes,  



TABLE 111. - PAGEOS I PHOTOMETRIC DATA SfETS AND POINTS 
( PALOMAR 1968) 

Date of Pass 

TOTAL 

-. _I. 

Sets Points F 
UBV 

35 
54 
46 
56 
48 
27 
59 
78 

60 
34 
36 
36 
48 
38 

655 

i 
33 
54 
46 
56 
48 
23 
58 
78 

70 
31. 
36 
36 
48 
38 

--- ~ 

65 5 
_L 

34 

100 

35 
I72 

SO 

v1 

20 



TABLE I V .  - ECHO I1 PHOTOMETRIC DATA S E T S  AND P O I N T S  
(PALOMAR 1968) 

D a t e  of Pass 

9/12/68 
9/13 
9/14 
9/14 
9/15 
9/15 
9/16 
9/16 

911 9 
9/21 
9/21 
9/22 
9/22 
9/23 
9/24 
9/24 

9/19 

TOTAL 

S@tS 

UBV 

33 
30 
26 
18 
37 
30 
12 

5 
23 
12 

16 
5 
17 
5 
5 

274 

V R I  

35 
28 
26 
28 
37 
29 
12 
2 

22 

12 

17 
5 
18 
4 
3 

278 

Poin ts  

V20 

40 

38 

v1 

42 

42 



TABLE V. - PAGEOS I PHOTOMETRIC DATA SETS AND POINTS 
- ( Y W  1969) 

Date of Pass 

TOTAL" 

Sets  

UBV 

16 
23 
39 
18 
15 
35 

26 

1-9 
17 
18 

14 
18 
22 

34 

31-4 

VRI  

13 
21 

38 
18 
15 
35 

28 

16 

16 
13 

13 
19 
21 

30 

296 

Points 

V20 

56 

65 

45 

62 

228 

v1 

60 

36 

30 

37 

163 

22 



TABLE V I .  --ECHO I1 PHOTOMETRIC DATA SETS AND POIN'I'S 
1.969) 

Date of Pass 

TOTAL 

Sets  

UBV 

32 
32 
12 

31. 
24 
21  

27 
30 

29 
25 

42 
32 

337 

V R I  

31 
36 
8 

39 
24 
1-9 
28 
32 

30 
24 

44 
31 

346 

V20 

56 

57 

1-13 

Points  

v1 

33 

29 

62 

23 



TABLE VII. - ECHO I1 AND PAGEOS I POLARIMETRIC DATA POINTS 
1969) 

PAGEOS I 5 Feb. 2, 3 11 14 18 2 2 
4, 6, 8 

c 

Discussion of Results 

S t e l l a r  Cal ibrat ion.  - Second-order ex t inc t ion  coe f f i c i en t s  and scale  
f ac to r s  were determined once during each observation period. The values 
obtained f o r  these parameters a re  presented i n  Tables VIII and I X ,  
r e  spec t i ve l y  

Primary ex t inc t ion  coe f f i c i en t s  and zero-point te: 1: a l e  calculated 
from observations on 5-7 standard s t a r s  (References 4 and 5 ) bqfore and 
a f t e r  each s a t e l l i t e  pass. These values a re  then used, along w i t t  the 
second-order ex t inc t ion  coe f f i c i en t s  and sca le  fsetor:;, t o  determine the  
extra-atmospheric s a t e l l i t e  magnitudes i n  the  vai*iouS S P G C ~ T R Z  i*egions. 
Average values f o r  the  primary ex t inc t ion  coe f f i c i en t s  f3 '< "i..~ Palomar 1968 
and Yuma 1969 missions a re  presented versus wavelength i n  -1 T t < i i  e 4 along 
with respect ive values determined i n  1966 and 1967. 
Mountain sky was somewhat more t ransparent  i n  1968, while Yu?ia9 s sky was 
more t ransparent  i n  1967. 

Note th4-t the  Pa lomr  , 

S a t e l l i t e  Results - Photometric. - 
PAGEOS I: The op t i ca l  and physical  p roper t ies  as  determined f o r  

PAGEOS I during the Palomar 1968 and Yuma 1.969 missions a re  presented i n  
Tables X and X I .  Presented i n  Figures 5 aiid 6 a re  the U, B, V20 and V1, 
R, I data ,  respect ively,  f o r  the :'uma 1969 mission. 

The f l a t  l a y  of t he  data poin ts  as  a funct ion of phase angle ind ica tes  
a s a t e l l i t e  with en extremely high specular i ty  ( - t k  calculated specular i ty  
of PAGEOS i n  a l l  spec t r a l  bands ind ica tes  a neayly complete specular 
r e f l e c t o r ) .  The : l z c t  t h a t  the ca lcu la ted  specular i ty  occasionally exceeds 
100 percent i s  believed due t o  a non-random d i s t r i b u t i o n  of observed s a t e l l i t e  
i n t e n s i t i e s  (macrotexture e f f e c t s )  

24 



TABLE VIII. - SECOND ORDER EXTINCTIOR COEFFICIENTS 

Observation 
PeriodlDate 

No. of S ta r  
Pa i rs  Used 

4 October 8, 
1968 -0.007 

I I  

kb -v 
/ I  

ku-b 
k r -i 

Palomar: 

o e 007 0 008 0.039 

Yuma : 

February 11, 
1969 3 -0 e 050 -0.010 -0 * 020 -0 013 

No. of S t a r s  
' I  .'Used 

Ob se xi va t i on 
Period/Date 

Pa loma r : 

October 8, 
1968 0.045 

1.227 1.220 

Yuma : 

February 14, 
1.969 

0.049 1 e 128 1. !.33 1 5  
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- 
TAELE X. - OPTICAL AND PHYSICAL PROPmTIES OF THE PAGEOS I 

SATELLITE - FALL 1968 

U B V20 v1 Par a meter I 
1.60 I 1.27 2 .og 2.09 2.74 

0.26 

2.97 

0.26 

Ave'ra ge .Nor ma 1 i z  e d Ma gni  t ude 

Sigma Magnitude 0,26 0.23 

99.9 103.6 

50.8 

5.6 

0.91 

Specular i ty  (%) 99.9 

50.9 

5.6 

0.92 

52.1 

101 e 7 

50.8 I 52.2 Average Radius of Curvature I 47.2 50.9 
~ ~- 

Sigma Radius ( F t )  5 04 5.i 6-5 I 6.8 

I Tota l  Reflectance 0.78 0.92 

44.4 I 43.6 Figure of Merit for  
Specular i t y  

56.8 50.5 51.9 

I No. of Data Points 63 5 634 635 607 

Table X I .  - OPTICAL AND PHYSICAL PROPERTIES OF THE' PAGEOS I 
SATELLITE - WINTER 1969 

R I P B 

2 073 

Parameter U 

Average Mormal-iaed Magnitude 2.90 

Sigma Magnitude 0.39 

Specular i ty  (4) 1052 

48.7 Average Radius of Curvature 
(F t  1 

0.29 

99.7 

50.2 

.." 

I Sigma Radius ( F t )  7.9 

I Tota l  Reflectance 0.82 0.89 

30.9 Figure of Merit f o r  
Specular i t y  

36.8 

308 I No. of Data Points 306 

27 
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A s  may be noted i n  Tables X and X I ,  the  values of Sigma Magnitude and 
Sigma Radius a re  qui te  high ( the  Winter 1969 values being much high:r), 
i nd ica t ing  e i t h e r  t he re  a re  anomalies among t h e  l o c a l  r a d i i  of curvature 
from wrinkling, or the  s a t e l l i t e ' s  surface i s  o p t i c a l l y  inhomogeneous through 
l o c a l  changes i n  i t s  specular and/or re f lec tance  proper t ies .  
believed t o  be the  main cause of the  la rge  excursions i n  i n t e n s i t y  l e v e l s  
which were noticed through v i sua l  and photometric observations. The data 
poin ts  removed from the  Winter 1969 data were a s  much a s  3 magnitudes g rea t e r  
(1.5 times l e s s  i n t ense )  than t h e  average. 

The former i s  

The la rge  excursions i n  i n t e n s i t y  l e v e l s  of t h e  PAGEOS I s a t e l l i t e  have 
been a t t r i b u t e d  t o  a gross change i n  the  shape of t h e  s a t e l l i t e  by K. Kisse l l  
and R. Vanderburgh ( A i r  Force Aerospace Research Laboratory, Wright-Patterson 
A i r  Force Base, Reference 9) .  
f igure  of a p ro l a t e  spheroid, However, since s inusoida l  i n t e n s i t y  excursions 
a re  not seen during each pass, it i s  believed t h a t  the s a t e l l i t e  has re ta ined  
i t s  bas i c  sphe r i ca l  shape, but e x h i b i t s  l o c a l  macroscopic anomalies such a s  a 
wrinkled polar cap. 

They have suggested PAGEOS I now has the 

The ref1 ectance>,.values remain high indicatfrig l i t t l e  ' or ,no degrada- 
t i o n  (except poss ib ly  i n  the  U and I bands) over a 3-year period which included 
the period of s o l a r  maximum f o r  t he  20:h s o l a r  cycle.  
discussed i n  the "Trends" sec t ion ,  l a t e r  i n  the repor t .  

This w i l l  be f u r t h e r  

Echo 11: The o p t i c a l  and phys ica l  p roper t ies  obtained from the  combined 
pass computer ana lys i s  of t h e  Palomar 1968 and Yuma 1969 data a r e  presented 
i n  Tables X I 1  and X I I I .  

The V20-band data poin ts  f o r  the  Palomar 1968 and Yuma 1969 missions a r e  
p lo t t ed  i n  Figure 7. 
data from the Yuma 1967 mission. 
ence i n  i n t e n s i t y  lezels  between t h e  1968 and 1969 da ta ;  however, l i n e a r  
regressions show the  1969 data t o  have a s l i g h t l y  higher magnitude ( l e s s  
i n t ense ) .  
and 1969 da ta .  
regressions were as follows: 

Also p l o t t e d  among t h e  1968 and 1969 data a re  V20-band 
It i s  r a t h e r  a i f f i c u l t  t o  observe any d i f f e r -  

It i s  qui te+:c lear ,  however, t h a t  t h e  1967 data l i e s  above the  1968 
The .ca lcu la ted  magnitudes a t  83.7' phase angle from t h e  l i n e a r  

1967 : - 0.38 magnitudes 

1968 : - 0.20 magnitudes 

1969 : - 0.17 magnitudes 

A s  may be noted, a l l  o p t i c a l  properties;  normalized magnitude a t  83.7" 
phase angle,  r e f l ec t ance ,  and specu la r i ty ,  a r e  l e s s  f o r  t h e  Yuma data than 
f o r  the Palomar data I n  a l l  s p e c t r a l  bands, i nd ica t ing  a s l i g h t  amount of 
degradation even i n  the  sho r t  time period of 5 t o  6 months. 



TABLE X I I .  - OPTICAL AND PHYSICAL PROPERTIES OF THE 
ECHO I1 SATELLITE - FALL 1968 

V1 R 

-0.22 -0.73 

0.19 0.20 

61.7 64.8 

64.0 65.1 

I 

-1.17 

0.22 

64.4 

69.1 

B E O  

Normalized Magnitude a t  
83'47'" 'Phase Angle 

Sigma Magnitude 

Specular i ty  (%) 

Average Radius of 
Curvature ( F t )  

Sigma Radius ( F t )  

Total  Reflectance 

Figure of Merit f o r  
Specular i ty  

No. of Data  Points 

0.74 

0.25 

67.0 

54.6 

8.0 

0.46 

29.0 

272 

60.7 

8.1 

0.51 

31.8 

63.3 

7.7 

0.58 

34.9 

Para meter 
~ 

U 

0.58 I -0.20 

7.9 I 8.1 8.6 

0.591 0.59 0.69 

33.5 I 33.1 I 33.1 

278 

TABLE X I I I .  - OPTICAL AND PHYSICAL PROPERTIES OF THE 
ECHO I1 SATELLITE - WINTER 1969 

I B V20 V 1  R Parameter U 

0.66 I -0.17 Normalized Magnitude 'at I I 83.7"" Phase 'Angle 
0.81 -1.13 -0.18 -0.72 

0.22 

62.2 

Sigma Magnitude 

55.1. 55.1 

66.9 

9.6 

0.64 

28.0 18.5 22.3 1 28.8 Figure of Merit 
For Specularity 

I No. of Da ta  Points 326 
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The reason t h a t  a s ing le  value of t he  magnitude taken a t  83.7" i s  
accepted a s  d e f i n i t i v e  for Echo I1 ra the r  than an average value such 8s f o r  
PAGEOS .I, i s  t h a t  the  Echo I1 s a t e l l i t e  i s  qui te  d i f fuse  and thus ,  i s  phase 
angle dependent. 
from a b e s t - f i t  l i n e a r ,  'regression of t he  i n t e n s i t i e s )  i s  e spec ia l ly  s i g n i f i -  
cant ,  s ince  t h i s  i s  t h e  phase angle where the  i n t e n s i t y  contr ibut ions from 
the  specular and d i f fuse  o p t i c a l  components fo r  a spher ica l  s a t e l l i t e  i n t e r -  
s e c t  e 

The magnitude value a t  83.7" phase angle (which vas derived 

A s t r i k i n g  example of the  apparent degradation f o r  t h i s  s a t e l l i t e  during 
i t s  o r b i t a l  l i f e t ime  may be seen by comparing laboratory values of t he  r e -  
f lectance,  and the Yuma 1967 observation period reflectance$, with the  two 
observationrperiods described here.  
"Trends I t  s e c t ion e 

This w i l l  be described more f u l l y  i n  the  

This apparent degradation i s  a l s o  seen i n  the  ca lcu la t ion  of the average 
radius  of curvature;  the  determinations i n  a l l  s p e c t r a l  bands a r e  l e s s  than 
the design value. This determination i s  not t o  i n f e r  t h a t  the s a t e l l i t e  has 
decreased i n  s i z e ,  or t h a t  the values given i n  Tables X I 1  and X I 1 1  a r e  "true" 
values of t h e  radius  of curvature.  The ca lcu la t ions  presented i n  the  tab les  
a r e  obtained by using laboratory values of re f lec tance  f o r  Alodine mater ia l ;  
s ince the  ca lcu la t ions  of the  radius  of curvature a r e  l e s s  Than design values, 
it indica tes  a decrease i n  re f lec tance .  This i s  shown i n  Tables X I 1  and X I I I .  

Laboratory absorptance measurements i n  a so l a r  u l t r a  -violet-vacuum 
environment performed on Echo I1 mater ia l  coated with 185 mg/ft2 of Alodine 
401-45 showed a la rge  increase (40-170%) i n  absorptance a t  wavelengths l e s s  
than 0.4511 
ence 10). 
v i o l e t  irradiation,showed a much smaller (but not i n s ign i f i can t )  increase i n  
absorptance. This probably ind ica tes  t h a t  the very la rge  indicated decrease 
i n  re f lec tance  of Echo I1 ( f D o m  hhbortkoxy values or from the 1967 observa- 
t i ons  t o  t h e  1968 and 1969 observations) i n  the  U and B-bands was caused Yn 
l a rge  p a r t  by so la r  u l t r a -v io l e t  rad ia t ion .  

(4500 A )  with much l e s s  e f f e c t  a t  longer wavelengths (Refer- 
Absorptance measurements on s imi la r  samples but with no u l t r a -  

It should be r eca l l ed  t h a t  the so l a r  maximum a c t i v i t y  f o r  the 20th so l a r  
This undoubtedly played a cycle occurred i n  the  time period of 1967 t o  1969. 

la rge  p a r t  i n  &kcelerat in$ t h e  aPpBfent x3egYadBibYon rsf Jthe Echo II(- opttical prc-  
p e r t i e s  e 

S a t e l l i t e  Results - Polarimetric.  - 
General: Polar imetr ic  observations of t he  PAGEOS I and Echo I1 s a t e l l i t e s  

were performed only during passes when the  s a t e l l i t e s  a t t a ined  phase angles of 
120" or higher.  Six passes each of t h e  two s a t e l l i t e s  were taken; however, 
only f i v e  each of these passes provided useful  po lar iza t ion  data ,  mainly due 
t o  instrumentation d i f f i c u l t i e s .  These data a r e  p lo t t ed  i n  Figures 8 t o  13 
along with t h e  data obtained during the  Yuma 1967 mission. 
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PAGEOS I: Values of t h e  percent po la r i za t ion  d a t a  versus phase angles 
f o r  PAGEOS I f o r  t he  Yuma Winter 1969 mission i n  the  U, B, V s p e c t r a l  regions 
a re  presented i n  Figures 8 t o  10. 
here because of r e l a t i v e l y  few data poin ts  taken i n  these  s p e c t r a l  regions. 
Shown a l s o  i n  these  f igu res  a re  data f o r  PAGEOS I and Echo I (which was 
s imi l a r  t o  PAGEOS 1 i n  s i z e  and surface ma te r i a l s )  taken during the  Yuma 
Winter 1967 mission. 
comparison purposes a r e  presented (Reference 11). 

The R and I-band data a re  not presented 

I n  addition, t h e o r e t i c a l  curves for  bare aluminum f o r  

It i s  qui te  evident t h a t  the  measured da ta  poin ts  l i e  p a r a l l e l  t o  and 
s l i g h t l y  above t h e  t h e o r e t i c a l  curves i n  the  U, B, and V s p e c t r a l  regions 
while t h e r e  were i n s u f f i c i e n t  data taken i n  the  R and I-bands t o  note any 
t rends .  The f a c t  t h a t  t he  percent po la r i za t ion  data poin ts  have a s imi l a r  
slope t o  t h a t  of t h e  t h e o r e t i c a l  curves i s  an independent i nd ica t ion  of t he  
continued presence of aluminum f i l m .  
agreement i s  not s i g n i f i c a n t  s ince  t h e  o p t i c a l  constants used i n  t h e  
t h e o r e t i c a l  ca l cu la t ions  a re  not those of t h e  PAGEOS I s a t e l l i t e  mater ia l s .  

That they a r e  not more c l o s e l y  i n  

The f a i r l y  l a rge  s c a t t e r  of t he  po la r i za t ion  data points ( a s  compared 
with those of Echo 11) i s  probably caused by macroscopic sur face  e f f e c t s  
s i m i l a r  t o  those observed i n  t h e  photometric ca l cu la t ions .  

Echo 11: The p l o t t e d  values of t h e  percent po la r i za t ion  data for t h e  
Echo I1 s a t e l l i t e  during t h e  Yuma 1967 and 1969 missions a re  presented i n  
Figures 11 t o  13 f o r  t h e  U, B, V s p e c t r a l  regions.  Presented a l s o  a r e  
t h e o r e t i c a l  curves f o r  aluminum a s  well a s  experimental values of Alodine 
measured a t  NASA-Langley (Reference 12) .  
determined da ta ,  while l e s s  than  the  experimental measurements i n  a l l  
s p e c t r a l  regions,  has t h e  same general  shape a s  t h e  l a t t e r  da ta ,  and e x h i b i t s  
t he  same c h a r a c t e r i s t i c  r i s e  a t  high phase angles.  This probably ind ica t e s  
t h a t  most of t he  o r i g i n a l  Alodine coating was s t i l l  present on the  s a t e l l i t e  
a t  the  time of t h e  measurements. If the  coating had eroded, it i s  probable 
t h a t  t h e  po la r i za t ion  would more near ly  resemble t h a t  of t he  t h e o r e t i c a l  
aluminum curve (or  s i m i l a r  t o  t h a t  of PAGEOS I) since t h e  outermost s t r u c t u r a l  
m t e r i a l  of Echo I1 was aluminum f o i l .  

It i s  qu i t e  evident t h a t  t he  GAC- 

Trends. - 

PAGEOS I: PAGEOS I has now been photometrically observed dur ing  s i x  
observation periods : 

(1) Palomar Mountain, Cal i forn ia ;  Summer, 1966 

(2)  Yuma, Arizona; Winter, 1967 

(3)  Akron, Ohio; Summer, 1967 
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(4) Akron, Ohio; F a l l ,  1967 

( 5 )  

(6 )  Yuma, Arizona; Winter, 1969 

M t .  Palomar, Cal i forn ia ;  F a l l ,  1968 

while it has been observed polar imet r ica l ly  during periods ( 2 )  and (6). 

The determination; of specu la r i ty  and re f lec tance  f o r  each of these  
observation periods a re  shown i n  Figures 14 and 15,respect ively.  
determinations of these  o p t i c a l  p roper t ies  f o r  Echo I and Echo I1 as  funct ions 
of t h e i r  o r b i t a l  age a r e  a l s o  shown i n  these f igu res .  

Similar  

From an examination of t he  PAGEOS o p t i c a l  p roper t ies ,  it can e a s i l y  be 
Seen t h a t  t he  s a t e l l i t e  remains an almost complete specular  r e f l ec to r .  The 
ref lectance values (excepting the  U-band) remain a t  a near constant  value 
during i t s  3 years i n  o r b i t .  The lower values f o r  the U-band may be due t o  
poor transparency conditions during those observation periods,  although during 
the  Yuma 1967 mission the  transparency conditions i n  all s p e c t r a l  regions were 
exce l len t  (see Figure 4 ) .  The I-band ref lectances obtained during the two 
observat ion periods of t he  present cont rac t  a r e  higher than those measured 
i n  the laboratory.  b:hether t h i s  i s  a t r u e  enhancement due t o  space environment 
"polishing" of the f i l m  i n  t h i s  s p e c t r a l  region i s  unknown. 

It !nay be s a i d  t h a t  t he  near e a r t h  space environment has l i t t l e  or no 
e f f e c t  on aluminized surfaces;  however, t h i s  may not be t rue  of such surfaces 
which a re  exposed t o  high energy pa r t i cu la t e  r ad ia t ion  i n  the outer  Van Allen 
b e l t  or outs ide the nagnetosphere (exposed t o  the  s o l a r  wind). 
samples of aluminized r.fylar bonded on a so l id  surface onboard an ATS s a t e l l i t e  
i n  a synchronous o r b i t  were d i r e c t l y  exposed t o  t h e  space environment. These 
specimens degraded s i g n i f i c a n t l y ,  while s i m i l a r  sarnples protected by quartz  
covers did not degrade. 

Button s ized  

Echo 11: Echo I1 !:as photometrically observed during periods (2 )  t o  (6)  
and polar imet r ica l ly  observed during periods ( 2 )  and ( 6 ) .  A s  was s t a t e d  pre- 
viously,  t he  specular i ty  and ref lectance f o r  the f i v e  photometric observation 
periods f o r  Echo I T  a r e  presented i n  Figures 14  and 15. 
t rend f o r  both o p t i c a l  propert ies  i s  apparent f o r  a l l  Co'ois. . It should be 
s t a t ed ,  however, t h a t  the  values presented i n  these f igures  have widely d i f f e r -  
e n t  confidence l eve l s  due t o  the  number of data points  obtained and the  t r ans -  
parency conditions under r,:hich the data was obtained. For instance,  during 
t h e  two Akron observing sessions,  few data points  \;ere obtained and the  sky 
conditions were r a the r  poor. Few data points  were obtained f o r  t he  f i r s t  Yuma 
mission i n  1967; koweaer, the re f lec tance  values obtained f o r  t h i s  mission had 
r a the r  a high confidence l eve l  (Vl-band excepted) because of exce l len t  t r ans -  
parency condi t ions.  

P. d e f i n i t e  downward 
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Shown i n  Table XTV a re  r e f l ec t ance  values obtaified from t h e  three  b e s t  
observation sessions fo r  Zcl:o I1 and laboratory neasurements on Alodine 
coating. 

TABLE XIV. - ECHO 11 23FLECTANCZ VALES FROM PZC)TOMETRIC 
OBSEBVATIONS AND UBORATO?,Y ?EAGT_EIEMENTS 

If one compares t h e  Winter 1967 Observation values t o  those of t h e  labora- 
t o r y  measurements, i$ i s  q c i t e  appare3t t h a t  the re f lec tance  values a r e  
comparable. 
periods a r e  completely differ9r;t  The re f lec tance  values appear t o  have 
decreased significar:-kly fn a l l  s p e c t r a l  reg lons.  The decrease becomes more 
s i g n i f i c a n t  a t  t he  lower wavelengths, with the maximum decrease i n  the  U-band. 

However, t ke  valces for the F a l l  1968 and Winter 1969 observation 

Accuracy: Deterrr,inatiozs of accmacy f o r  the  photometric and po la r i -  
metric observations have heen ca lcu la ted  from the  s t e l l a r  andbor s a t e l l i t e  
determinations. Each of t h ~ s e  cs l cu la t lons  w i l l  be discussed i n  tu rn .  

( a )  S t e l l a r  Accllracy - Magnit.ude and color isdex values ( E O ,  B-V, U-V 
or  U-B, V1, V-R, V-I or 3-11 of standard s t a r s  have been ca lcu la ted  from 
observations taken during the Fslomar Mountain and Yuma obser-ration periods e 
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The computed values were f o r  s t a r s  which were used i n  the  determination of 
primary ex t inc t ion  c o e f f i c i e n t s  f o r  the  Echo I1 and PAGEOS 1 passes. 
determinations were performed a f t e r  t he  Palomar Mountain observation period 
during the Summer of 1966 and the  Yuma observation period during the  Winter 
of 1967 (References 1 and 2 ) ,  
s p e c t r a l  regions give an approximate accuracy l e v e l  f o r  the extra-atmospheric 
s a t e l l i t e  determinations a s  wel l  a s  f o r  t he  two photometric systems. 

Similar 

The ind ica ted  accuracy values f o r  the  various 

The average devia t ions  f o r  a s ing le  observation, standard deviations f o r  
a s ing le  observation, and the  probable e r r o r s  f o r  a s ing le  observation a t  the  
zeni th  (1.0 a i r  mass) for a l l  observations a r e  presented i n  Tables XV and XVI. 
For the  probable e r r o r  determinations, an  a i r  mass of 1.5 was used t o  a d j u s t  
t h e  values t o  t h e  zeni th .  The various parameters a re  comparable t o  those 
obtained previously; t he  s l i g h t l y  higher values obtained i n  the U-V (U-B) 
and V - I  ( R - I )  regions occur because of  t he  inherent ly  lower: accuracy i n  the  
U and I-band regions, bu t  a l s o  because c e r t a i n  of t h e  s t a r s  had cons i s t en t ly  
d i f f e r e n t  color index values than those of Reference 5, which a r e  considered 
t o  be "standard". 

(b) S a t e l l i t e  Accuracy - The probable e r r o r  determinations for the  
Fall 1968 and Winter 1969 observation periods a r e  presented i n  t h i s  sec t ion .  
The theory describing t h e  method of determining these  parameters has been 
presented i n  Reference 1. The probable e r r o r  determinations f o r  the  Palomar 
1968 observations a r e  presented i n  Tables XVII and XVIII, while those f o r  
t h e  Yuma 1969 observations a re  presented i n  Tables XIX and XX. 

( 2 )  Polarimetric Accuracy Determinations - To obta in  an ind ica t ion  of 
t h e  accuracy of the  polar imet r ic  measurements f o r  t h e  PAGEOS I and Echo I1 
s a t e l l i t e s ,  t he  r e s u l t s  obtained f o r  the  c a l i b r a t i o n  s t a r s  were compared 
with published ca ta log  values (Reference 14).  Forty-six V-band percent 
po la r i za t ion  determinations of s t a r s  of both near-zero and r e l a t i v e l y  high 
po la r i za t ion  were compared. The absolute values of deviations (average 
deviation) was 0,5 percent po la r i za t ion .  The d ispers ion  of these  values 
revealed a standard devia t ion  and probable e r r o r  i n  percent po la r i za t ion  
values of k 0.7 and f 0.5, respec t ive ly .  
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TABLE XV. - ACCURACY DETERMINATION OF MAGNITUDES AND 
COLOR INDICES OF STANDARD STARS (PALOMAR 1968) 

Par a meter V20 

No. of Observations 318 

0 e 020 Average Deviation for a 
Single Observation (Mag) 

Standard Deviation for a 
Single Observation (Mag) 0 ,, 026 

B -V 

318 

0 e 029 

0 042 

Probable Error for a Single 
Observation a t  1.0 A i r  Mass 0.012 
(Mag) 

0 e 019 

TABLE XVI. - ACCURACY DETERMINATION OF MAGNITUDES AND 
COLOR INDICES OF STAIDAXD STARS (YUMA 1969) 

V 2 0 - ] v -  1 Par a meter U-B 

I No. of Observations 238 237 237 

0.026 0 040 0.021 0,028 0.032 I I  Average Deviation for a 
Single Observation (Mag) 0.020 

0.027 0.034 Standard Deviation for a 
Single Observation (Mag) 3.055 

0.025 
Probable Error for  a Single 
Observation a t  1.0 A i r  Mass 
(Mag) 

0 0 012 0,015 
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TABLE XVII.  - PROBABLE ERRORS OF ECHO I1 PHOTOMETRIC RESULTS 
( PALOMAR 1968 ) 

SPECTRAL 
REGION 

U 

B 

E O  

v1 

R 

I 

STELLAR 
MAGNITUDES 

rt: 0.010 

f 0.00g 

f 0.008 

E 0.008 

f 0.008 

f 0.00g 

XPECULARITY 
(PERCENT) 

RADIUS OF 
CURVATURE (FT)  

f 1.2 

f 1 ,o  

rt: l o o  

f 0-9 

f 0.9 

f 0.9 

k 0,40 

f 0.37 

f 0.34 

f 0.34 

k 0.34 

f 0.34 

XEFLECTANCE 
( PERCENT ) 

k 1.3 

f 1.1 

* 1.0 
f 1.0 

-f 1.1 

f 1.1 

TABLE X V I I I .  - PROBABLE ERRORS OF PAGEOS I PHOTOMETRIC FGCSULTS 
(PALOMAR 1968) 

SPECTRAL 
REGION 

U 

B 

v20 

v1 
R 

I 

STELLAR 
MAGNITUDE 

* 0.007 
f 0.007 

f 0.007 

f 0.006 

f 0.008 

rt: 0.008 

SPECULARITY 
( PERCENT ) 

rt: 1.0 

f 1,o 

f 0.9 

f 0,g 

1.1 

f 1.1 

RADIUS OF 
CURVATURE (FT) 

5 0.15 

c 0~15 

k 0.15 

rt: 0.14 

f 0.17 

f 0.18 

WFLECTANCE 
(PERCENT) 

f 0.7 

-f 0.7 

f 0,” 

f 0.6 

f 0.8 

f 0.8 
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TABLE XIX. - PROBABLE ERRORS OF ECHO I1 PHOTOMETRIC RESULTS 
(YUMA 1969) 

SPECTRAL 
REGION 

U 

B 

V20 

v1 
R 

1 

STELLAR 
MAGNITUDES 

f ~ 0.013 

f 0,010 - 

* 0.008 
f 0.008 

* 0.009 
f 0.oog 

f 1,2 

f ie6 

f 0.40 

f 0.47 

f i06 f 0,40 

TABLE XX. - PROBABLE ERRORS OF PAGEOS I PHOTOmTRPC RESULTS 
1969) 

SPECTRAL 
REGION 

U 

B 

V20 

v1 

R 

I 

STELLAR 
MAGNITUDE 

f 0.015 

f 0.011 

f 0.011 

f 0.010 

f 0.014 

f 0.013 

SPECULARITY 
(PERCENT ) 

f 2-3 

1.3 

f 1.1 

f 1.0 

f 1.4 

f 1.1 

RADIUS O F  
CURVATURE( FT) 

c 0.31 

f 0.26 

f 0,24 

rt 0,23 

* 0.31 
0.29 

REFLECTANCE 
(PERCENT) 

1.9 

* 1.5 
f 1.2 

f 1.2 

f 1.5 

f 1.2 

REFLECTANCE 
(PERCENT) 

f 1.4 

f 1.1 

f 1.0 

f 1.0 

f 104 

f 1.3 
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CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

1. The specu la r i ty  of PAGEOS I has not measurably degraded. The calcu- 
l a t e d  value of specu la r i ty  ind ica t e s  a near mirror-l ike r e f l e c t o r  e 

2. There i s  no c l e a r  evidence t h a t  t h e  br ightness  or color of PAGEOS I 
have changed since August, 1966. 
v i sua l  (yellow), and red regions of t h e  spectrum a r e  i n  close agreement 
with labora tory  values.  E i ther  the  labora tory  value of t he  u l t r a - v i o l e t  
re f lec tance  i s  too  high or  t h e r e  was a "sudden" degradation i n  t h i s  
parameter soon a f t e r  launching (June 1966) 
red re f lec tance  i s  lower than t h a t  obtained through I-band photometry of t h e  
s a t e l l i t e .  This suggests t h a t  exposure t o  the  space environment may have 
enhanced t h e  I-band re f lec tance  

Reflectances in fe r r ed  f o r  t h e  blue,  

The measured labora tory  i n f r a -  

3. The average rad ius  of curvature of PAGEOS I remains 50 f e e t ,  a s  designed. 
One or more s i g n i f i c a n t  surface anomalies have developed since August 1966, 
causing tbe  s a t e l l i t e  t o  now occasionally fade through severa l  s t e l l a r  
magnitudes The general  macro-texture, however, has not appreciably changed. 
The standard devia t ion  of t h e  s t e l l a r  magnitudes remains about 0.2 t o  0.3. 

4. Since the observed i n t e n s i t y  excursions of PAGEOS I a re  not genera l ly  
s inusoida l ,  t he  suggestion elsewhere i n  the  l i t e r a t u r e  t h a t  i t s  f igu re  i s  
t h a t  of a p ro la t e  spheroid i s  not supported. 

5. The s i m i l a r i t y  of t h e  percent po la r i za t ion  data of PAGEOS I t o  t h a t  of 
t h e  t h e o r e t i c a l  curves f o r  bare  aluminum (although they a re  s l i g h t l y  above 
and p a r a l l e l  t o  t he  t h e o r e t i c a l  curves) i s  an independent i nd ica t ion  of t h e  
continued presence of the  aluminum f i l m ,  The l a rge r  scaitker of t he  polar iza-  
t i o n  data poin ts  ( a s  compared t o  the  Echo 11) i s  undoubtedly caused by macro- 
scopic surface e f f e c t s  s imi l a r  t o  those observed photometrically. 

6. The continuous decrease i n  the  normalized magnitudes a t  83.7" phase 
angle, re f lec tance ,  and specu la r i ty  f o r  Echo I1 i n  a l l  s p e c t r a l  regjons from 
1967 t o  1969 ind ica t e s  a s u b s t a n t i a l  degradation of t he  Alodine sur face '  
coating. It i s  be l ieved  t h a t  degradation i s  caused more by surface d i s -  
co lo ra t ion  than by eros ion  of the coating. 

7. The determination of percent po la r i za t ion  f o r  Echo I1 indica ted  t h a t  a 
s u b s t a n t i a l  amount of Alodfne coating remains on the s a t e l l i t e .  The percent 
po la r i za t ion  data po in t s  a s  a func t ion  of phase angle, resembles more c lose ly  
labora tory  measurements of Alodfne r a the r  than t h e o r e t i c a l  ca l cu la t ions  of 
bare aluminvlm, 
f o i l  ) 

(The s t r u c t u r a l  surface mater ia l  of Echo I1 was aluminum 
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8. The f e a s i b i l i t y  of performing e c l i p s e  en t ry  observations of Echo IT 
and PAGEOS I was e s t ab l i shed  during t h i s  con t r ac t  period. These observa- 
t i o n s  may be used t o  determine ozone concentration over various a reas  of 
t h e  ea r th .  

9. The 5-color system operated s a t i s f a c t o r i l y  throughout t h e  two f i e l d  
missions conducted under t h i s  con t r ac t ,  Required maintenance t o  maintain 
proper operating c a p a b i l i t i e s  was about normal f o r  t he  complexity of t h e  
equipment involved. The cryogenic system a l s o  functioned s a t i s f a c t o r i l y  
throughout t h e  mission with a minimum of maintenance. 

10. The new type Wollaston prism (new adhesive) appears t o  demonstrate 
s a t i s f a c t o r y  operation, and it i s  expected t h a t  it w i l l  have elfminated t h e  
temperature excursion su rv iva l  problem it was designed Lo co r rec t ,  and con- 
t i nue  t o  give s a t i s f a c t o r y  serv ice  over t h e  temperatme range spec i f ied  f o r  
t h e  ove ra l l  observatory system. 

11. The new FM magnetic tape data recording system operated s a t i s f a c t o r f l y  
from the time the  i n s t a l l a t i o n  was completed and de-bugged t o  the end of t h e  
mission with a minimum of maintenance a t t e n t i o n .  

Recommendations 

1. Further photometric and polar imet r ic  surve i l lance  of t h e  PAGEOS I 
s a t e l l i t e  i s  des i rab le  t o  determine i t s  continued s u i t a b i l i t y  a s  a geodetic 
s a t e l l i t e .  These observations should be performed on an approximately twice- 
year ly  b a s i s  throughout the  usefu l  l i f e t i m e  of t he  s a t e l l i t e ,  The Explorer 19 
and 39 s a t e l l i t e s  should be photometrically observed coEncidentally t o  obtafn 
knowledge of degradation ( i f  any) of t h e i r  surface materials and thermal coatings 

2. Since t h e  f e a s i b i l i t y  of observing narrow-band ec l ip se  e n t r y  passes of 
Echo I1 and PAGEOS I has been e s t ab l i shed  during the  two observation periods 
described i n  t h i s  repor t ,  f u r t h e r  observations (of PAGEOS I ) o f  t h i s  type a s  
wel l  a s  development of programs t o  determine ozone concentration appear t o  
be des i r ab le ,  One of t h e  admirable c h a r a c t e r i s t i c s  of the present system is 
the  ease of transformation from the  broadband t o  the  narrow-band system, thus  
allowing t h e  user t o  ob ta in  e i the r /o r  bo th  types of observations during a s fngle  
s a t e l l i t e  pass ,  

3. Development of methods of data reduction and ana lys i s  t o  determine the  
degree of degradation of t he  Explorer 1.9 and 39 s a t e l l f t e s  (combinations of 
aluminum f o i l  and X-13 and S-l3G white pa in t  polka do t s )  should be pursued, 
This data reduction may be performed i n  seve ra l  ways: 

(1) CalculaLe the  average r e f l ec t ance  and specu la r i ty  of t h e  
s a t e l l i t e s  using the  present theor fes ;  t h i s  may fndfca te  
the  degradation r a t e  of t h e  white pa in t  i f  it i s  known t h a t  
the  aluminum f o i l  does not degrade. 



Calculate t he  o p t i c a l  p roper t ies  sf the  white pa in t  
independently of t h e  aluminum f o i l  background. The 
i s o l a t i o n  sf i n t e n s i t i e s  returned from indiv idua l  polka- 
do ts  has not been d e f i n i t e l y  es tab l i shed  within the  data.  
Preliminary examination of t h e  recordings ind ica t e s  deep 
trough readings which a re  beljieved to be t h e  in t eg ra t ed  
i n t e n s i t i e s  returned from il luminated d i f fuse  regions on 
t h e  s a t e l l i t e s  

4. 
maintenance completed before %he s t a r t  of each mfssion, or o ther  means pro- 
vided t o  handle t h e  r e s u l t i n g  backlog, 

Missions should be planned t o  ensure t h a t  t h e  system has a l l  required 

5. Since the  major data-taking c a p a b i l i t i e s  have now been provided i n  the 
Mobile Observatory (including FM magnetic data recording) it would seem 
advisable t o  make those r e l a t i v e l y  minor remaining addi t ions  t h a t  would y i e ld  
the  g r e a t e s t  increase i n  system c a p a b i l i t y  and operating e f f i c i ency .  These 
would include ( i n  the order l i s ted) :  

(1) Automatic gain l e v e l  con t ro l  i n  bs-bh channels. 
Very simple s i g n a l  monitoring log ic  could generate the  
gain l e v e l  increase or decrease s igna l  pulses f o r  t h i s .  

(2)  Logarithmic s igna l  ampl i f ie r .  
Under some circumstances with very rap id ly  changing 
s i g n a l  l e v e l  ( a s  during e c l i p s e  measurements) t h i s  
would g r e a t l y  increase operating e f fec t iveness  a t  
very low cos t .  

(3)  The time-code generator should be modifjied t o  extend i t s  
time -code range 

(4) Tracking improvement 
To a l a rge  ex ten t ,  operating capab i l i t y  (small  f i e l d  
s top  f o r  good SIN r a t i o ,  e t c , )  i s  proportional t o  
t racking  capab i l i t y ,  This could be s u b s t a n t i a l l y  
improved by any or a l l  o f  t h e  following. 

( a )  TV l i n k  (image orthicon o r  SEC vidicon) from 
guide scopes t o  operating console ( i n s t a l l a t i o n  
provisions a r e  already ava i l ab le )  with general  
monitoring by present vidicon cameras a 

( b )  Connect Lon of cu r ren t ly  kns ta l led  angular pos i t ion  
feedback pots  t o  instrument room c i r c u i t s  and 
fn tegra t fon  with s i d e r e a l  t racking  cont ro l .  
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( c )  Auto-track by time shared use of l i g h t  from 
main scope, or from a u x i l i a r y  scopes. 

Replace unused )+-minute a r c  aper ture  with 3- 
minute aperture  (for b r i g h t  t a r g e t s )  

(d )  

Any of these provisions would be qu i t e  worthwhfle, and 
e a s i l y  provided, 
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